Objective To describe and determine the intertester reliability of a newly developed classification system of shoulder syndrome recognition. Design Intertester reliability study. Setting Fourteen primary care physiotherapy clinics. Participants Two hundred and fifty-five patients with shoulder pain. Inclusion criterion: presence of shoulder pain aring within the glenohumeral or associated joints and structures. Exclusion criteria: previous shoulder surgery, surgical candidates, recognised malignancy, systemic illness, or concurrent cervical pain and/or radiculopathy. Intervention Examiners were 55 physiotherapists who were arranged in pairs; each patient received two independent and blinded assessments, one by each of the paired physiotherapists. This shoulder classification approach contains three main clinical syndromes: Pattern 1 (impingement pain), Pattern 2 (acromioclavicular joint pain) and Pattern 3 (shoulder pain: frozen shoulder, glenohumeral arthritis, massive cuff tear, subscapularis tear, painful laxity, post-traumatic instability, internal derangement). Main outcome measures Percentage agreement and Cohen's kappa coefficient. Results The mean age of patients was 46.6 years (standard deviation 16.3, range 16 to 86), and 57% were male. Physiotherapists agreed on the pattern of shoulder pain for 205 of the 255 shoulders assessed (agreement rate 80%); the kappa coefficient was 0.664 (95% confidence interval 0.622 to 0.706; P < 0.001). Of the 205 agreements, Pattern 1 was the most common condition; physiotherapists agreed on this pattern for 139 patients (68%). Both physiotherapists diagnosed Pattern 2 for 20 patients and Pattern 3 for 46 patients. Conclusion This clearly defined system uses key elements of the history and examination to classify patients with shoulder pain. The kappa coefficient denotes good reproducibility.
Introduction
Shoulder disorders constitute a medical and economic challenge to society [1] [2] [3] [4] [5] . Determining the diagnosis based on anatomical location of the pain generator is not a straightforward process [6] because the pathophysiology of shoulder pain is unclear [5] , not all structural failures produce symptoms [7] [8] [9] , and there is a weak correlation between medical imaging and symptoms [8, [10] [11] [12] [13] [14] [15] [16] . However, some method of classification is essential because, in theory, diagnostic labels facilitate communication, enhance treatment success and improve outcomes [5, 17] . Appropriate patient classification is a necessary preliminary step in defining and managing clinical problems [18] .
Only a few researchers have examined shoulder assessment and classification methods for reliability [8, 19] ; generally, the intertester agreement rate has been poor, with kappa coefficients ranging from 0.31 to 0.45 [6, [20] [21] [22] . Only Pellecchia et al. [20] achieved impressive results (91% agreement; kappa = 0.88) using the Cyriax method of shoulder pain classification. Cyriax's schema is a patho-anatomical classification with nine possible categories. The system involves a 0031-9406/$ -see front matter © 2011 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved. doi:10.1016/j.physio.2010. 12.003 detailed patient history, a preliminary examination of active movements to eliminate the neck and elbow as sources of pain, and a detailed examination of the affected shoulder to diagnose soft tissue lesions. Pellecchia et al. [20] described specific details of the Cyriax system. Unfortunately, this study of the Cyriax method had a very small sample size (n = 21) and only used two therapists to assess agreement. The lack of any patient demographic information limits the generalisability of this study. Furthermore, a subsequent study did not show good reliability with the Cyriax method [6] .
Smidt and Green [23] concluded that the reproducibility of shoulder classification is inadequate. Progress has been hampered by failure to reach consensus on appropriate diagnostic criteria and the lack of a uniform system of categorising shoulder patients into clinically meaningful subgroups. In addition, consistent descriptions, uniform definitions and specific physical findings are not used [17] ; one researcher concluded that there is 'terminological chaos in the field of shoulder pain' [24] .
Recognising these difficulties prompted this research project to determine the reliability of a simple yet comprehensive approach to organising patterns of shoulder pain. The purpose of this study was to determine the intertester reliability of a newly developed shoulder classification system. The research question was: 'using this examination-based classification system, can physiotherapists assessing the same shoulder condition independently identify the same syndrome?'
Methods
This was a reliability study rather than a true diagnostic study; thus, the STARD guidelines for diagnostic studies do not strictly apply to all aspects of this project. However, since there are no set criteria to judge the quality of reliability studies [5] , this study followed the reliability checklist proposed by May et al. [25] and, where appropriate, the STARD guidelines [26] .
Sample
This was a multiclinic study of 255 patients, conducted at 12 physiotherapy clinics across three provinces (Ontario, Saskatchewan, Alberta) in Canada and at two clinics in New Zealand. The study began on 6 February 2007 and ended on 18 December 2008. Patient confidentiality and privacy were ensured for all aspects of the study design and data analysis. All subjects provided written informed consent and patients' rights were protected.
Part of evaluating a classification system is assessing its comprehensiveness, and it is advantageous to have few inclusion/exclusion criteria to maximise external validity [27] . The inclusion criterion was the presence of shoulder pain arising within the glenohumeral or associated joints and structures. Individuals with previous shoulder surgery, surgical candidates, recognised malignancy, systemic illness, or identified concurrent cervical pain and/or radiculopathy were excluded.
Examiners and classification
Based on their frustration with the lack of diagnostic consensus in the literature, two of the authors (JM, JMc) originally developed a shoulder classification system in 2004. After a 3-month trial period, they consulted with the third author (HH) to make improvements. In 2005, after another 6-month trial period, the system was presented to 12 senior physiotherapists for feedback; this meeting resulted in further refinements to the system. Those who attended the meeting embarked on a 1-year trial to assess the clinical utility of the system. To ensure face, content and construct validity in the development process, strict operational definitions were documented and the classification system was revised every 3 months during the year based on clinicians' feedback from approximately 100 patients. In late 2006, two orthopaedists modified the system further and shaped it into the current form.
The examiners were 55 physiotherapists trained to use the new method of shoulder classification. Prior to the study, each clinic received an instruction package. The contents consisted of: (1) directions for staff in charge of scheduling appointments; (2) an information page for patients; (3) patient consent and release forms; (4) ballot forms for participating physiotherapists to indicate their conclusions; and (5) a one-page synopsis of the study methods.
The essential categories in this classification system are determined by pain location, patient age, mechanism of injury, and aggravating factors determined via specific provocative tests. The literature indicates that the validity and reliability of shoulder testing based primarily on physical examination are poor [5, 17] . For this reason, the current classification system gives the history precedence over the physical examination. Since the patient's history (pain location, age and mechanism of injury) is the essential component of this approach, the physiotherapists used a pragmatic approach in the physical examination; they performed any provocative tests they deemed appropriate based on the history.
This shoulder classification system only defines discrete clinical syndromes and makes no attempt to describe the shoulder pathology definitively. It contains three main categories or patterns of shoulder pain. The label for each pattern signifies a presumed pain source, which is to be addressed in the initial management. Table 1 summarises the patterns of shoulder pain relative to pain location, patient age, mechanism of injury and physical examination findings. The clinical syndromes, presented as patterns of pain, are designated as:
• Pattern 1: impingement pain (pain felt predominantly over the antero-lateral deltoid area).
• Pattern 2: acromioclavicular joint pain (pain felt directly over the acromioclavicular joint).
• Pattern 3: shoulder pain (pain may be felt over the anterior or posterior aspect of the joint, or may occur simultaneously in both locations). For convenience, the pain location is described as 'through the joint area' in Table 1 .
Pattern 3 is subdivided into seven painful conditions:
• frozen shoulder;
• glenohumeral osteoarthritis;
• complete cuff tear;
• subscapularis tear;
• painful laxity;
• post-traumatic instability; and • internal derangement.
Pattern 3 represents a range of potential pain generators. The individual conditions within Pattern 3 are considerably less common than those for Patterns 1 and 2, but as each is unique, they are listed separately. Based on the fact that they all share a similar, common pain location, they are categorised together in one pattern (Pattern 3). In this reliability study, it was not sufficient for physiotherapists to simply state that a patient was Pattern 3; they were required to identify one of the seven conditions within the pattern.
Procedure
Physiotherapists were arranged in pairs. Following consent to participate in the study, an eligible patient was scheduled for two assessments, one by each of the paired physiotherapists. Each physiotherapist independently (and blinded to each other's assessment) completed a standardised shoulder examination form to record the pertinent information. Each physiotherapist also completed a simple ballot to indicate the pattern of pain; this determination was made immediately following the assessment without consultation with the other physiotherapist. The completed ballots were sealed in individual envelopes and forwarded to the research co-ordinator.
To maintain internal validity and because an intention of this study was to examine the agreement rate of this classification in clinical practice, a minimal departure from usual daily clinic operation was an essential requirement. For logistical and scheduling reasons, the two assessments were either performed in tandem or as completely separate assessments. In 75% of the cases, patients received both assessments on the same day. For the tandem assessments, both examiners were in the room with the patient for the history taking. Physiotherapist 1 provided the questions and interaction with the patient while Physiotherapist 2 listened and observed. Physiotherapist 2 refrained from interfering with the patient's history. During this phase of the assessment, there was no conversation between the two physiotherapists and no contact between Physiotherapist 2 and the patient. The designations of Physiotherapists 1 and 2 were assigned at random. Following the history, Physiotherapist 2 left the room. Physiotherapist 1 then completed a physical examination consisting of a cervical screen, observation of the shoulder, assessment of active and passive range of shoulder motion, and provocative testing. After Physiotherapist 1 had completed the physical examination, the patient had a second physical examination by Physiotherapist 2, not attended by Physiotherapist 1. Patients who had completely separate (not tandem) assessments received two separate physical examinations, but in addition were asked to provide two separate histories.
As the examinations were performed within functioning clinics, scheduling constraints required that 25% of the patients received their separate assessments on different days; the average time between assessments was less than 1 day for 75% (174/233) of the participants (range 0 to 23 days).
Following both assessments, either Physiotherapist 1 or 2 provided ongoing treatment depending on schedule availability.
Data analysis
Cohen's kappa coefficient and percentage agreement were calculated; kappa should be presented in tandem with other statistics to facilitate better interpretation of any classification system [28] .
Three assumptions must be met to use the kappa statistic properly [29, 30] :
(1) the data should be categorical; (2) examiners must make their decisions independently (examiners should not have influence over each other); and (3) the patient's information should be independent. Assumption 3 is met when all patients being rated represent independent data points; the assumption is violated when knowing a patient's initial response to some part of an assessment provides information about subsequent responses (i.e. the patient's data points correlate in some way).
The current study was constructed carefully to meet these statistical assumptions. Specifically:
(1) the patterns of pain system is categorical, not ordinal or scale; (2) each physiotherapist conducted his/her physical examinations independently in a separate room without the second physiotherapist present. Subsequently, without consultation with the other examiner, each physiotherapist completed a ballot indicating the pattern of shoulder pain; one physiotherapist was not simply confirming or refuting the opinion of another; and (3) patient information was only obtained at the initial assessment; a pre-post study design was not utilised.
Analyses were conducted using Statistical Package for the Social Sciences Version 15.0.1 (IBM Corporation, NY, USA).
Sample size
The design of a study determines the appropriate analysis to perform sample size calculations. Sim and Wright's [30] table for sample size estimation was used to determine the number of subjects required. The sample size calculation estimated that 255 patients were required in order to provide sufficient power (0.80) for statistical analysis of the findings, based on the following criteria: 
Results
The study consisted of 275 patients; eight only had one assessment and 12 had pain unrelated to the shoulder, resulting in a final sample size of 255. The average patient age was 46.6 years (standard deviation 16.3, range 16 to 86), and males represented 57% of the sample.
Physiotherapists agreed on the pattern of shoulder pain for 205 of the 255 shoulders assessed (agreement rate 80%, kappa coefficient 0.664, 95% confidence interval 0.622 to 0.706; P < 0.001). Of the 205 agreements, Pattern 1 was by far the most common condition; physiotherapists agreed that Pattern 1 was the pain pattern for 139 patients, Pattern 2 for 20 patients and Pattern 3 for 46 patients. Specific analysis within Pattern 3 revealed that frozen shoulder (n = 15) and post-traumatic instability (n = 15) were most common; the remaining conditions were rare in this clinical setting. Table 2 provides a matrix of where the 205 agreements (in bold) and 50 disagreements lay. Physiotherapist 1's choices are read vertically and Physiotherapist 2's choices are read horizontally. An example of how to read the table is provided at the bottom of Table 2 .
Discussion
A fundamental requirement of an effective classification system is good intertester reliability. Studies of intertester reliability are more accurately described as investigations of agreement between raters [29] . The current study achieved an 80% agreement rate. There were disagreements. Confus- ing frozen shoulder with Pattern 1 or Pattern 2 reflects a physiotherapist's inability to accurately identify a patient's site of dominant pain. Although this classification is simple, the application is not necessarily easy because the system requires careful attention to the details within the history and physical examination.
More importantly, the kappa coefficient was 0.66. Unfortunately, there is no clearly accepted interpretation of the kappa statistic. Several researchers [29, 31] suggest that a kappa coefficient of 0.66 represents good agreement. Others [32, 33] view a kappa coefficient of 0.66 as substantial agreement. While there is debate on what actually constitutes good agreement, the shoulder pain classification system used in this study achieved a minimum of good reliability.
When the prevalence of one condition within a classification system is high, as opposed to subjects spread more evenly across categories, the consequence is a more homogeneous sample; lower kappa values usually result [29] . This classification study had a predominance of Pattern 1 patients (68%); the other patterns were somewhat rare in comparison. Although the high percentage of Pattern 1 patients may have led to some homogeneity, the kappa coefficient was higher than that found in other studies [16, 21, 22] , which emphasises the discrimination possible with this system.
Musculoskeletal assessment of the shoulder is usually based on a premise that it is possible to isolate individual structures and apply a mechanical procedure that compresses, stretches, contracts or in some way irritates the tissue of interest. However, involvement of adjacent structures is likely, and perceived weakness may be better explained as pain inhibition rather than the result of structural failure [34] . The reliability of a physical examination to identify specific patho-anatomical mechanisms resulting in shoulder symptoms is poor [6, 16] , and the diagnostic validity is only moderate [35] .
The commonly used special shoulder symptom provocation tests do not contribute to a precise structural diagnosis or isolate specific structures around the shoulder [8] . For this reason, the current classification system emphasises that the history takes precedence over the physical examination. This system of shoulder pain pattern identification emphasises a small number of reliable, clearly defined, key components of the history that allow syndrome categorisation. The role of the physical examination is to support or refute a determination based on the patient's story.
A limitation of this study includes the potential for bias. Since the treatment to be provided by the clinics involved in this study is an active rehabilitation programme, physicians may decide that for profoundly disabled or minimally restricted patients, this form of management is not appropriate, thereby creating a referral filter bias. However, evidence from a pilot project involving other rehabilitation providers [36] suggests that patient pain, severity and functional status measures for this clinic system are similar to six other non-related physiotherapy facilities in Ontario. Therefore, it is likely that there was little, if any, selection bias in this study. Logistically, it was not possible for all patients to receive both assessments in succession. Approximately 75% of the sample had both assessments on the same day; for the others, the average time between assessments was less than 1 day. This aspect of the study design reduced the potential for bias.
The issue of criterion validity cannot be properly addressed because of the lack of a diagnostic gold standard. Traditionally, the gold standards have been magnetic resonance imaging, ultrasound or surgical exploration, but weak correlation between symptoms and structures inhibits diagnostic validity. Furthermore, a lack of consensus on appropriate diagnostic criteria adds to the complexity of shoulder pain assessment [16] . These diagnostic limitations highlight the need for a model that is not based on pathology but rather on clinical presentation. In fact, May et al. [5] recommend that clinicians should abandon the diagnostic pathological model. This classification of syndromes rather than specific aetiologies subscribes to that recommendation.
Strengths of this study include standardisation of the shoulder assessment methods. By using fully integrated clinics with the same centrally co-ordinated data collection tools and philosophy of assessment, this study reduced the potential for unexpected bias or inadequate data accumulation. This classification system suggests that if common patterns of shoulder pain are clinically recognised, they could form the basis for triaging and primary non-operative management. It should be stressed that this history-based classification is only intended to direct the initial intervention and makes no attempt to delineate subsequent treatment options. Further exhaustive, costly and perhaps unnecessary diagnostic evaluations might, however, be deferred or employed only after a failure to respond to primary care. The early use of such investigations could also be reserved for clinical presentations that do not fit one of the three described patterns of shoulder pain.
Conclusion
This clearly defined system primarily uses key elements of the history with a confirmatory physical examination to classify patients with shoulder pain. This method demonstrated a high degree of intertester agreement, correctly categorising 80% of patients with shoulder pain. The kappa coefficient of 0.664 denotes good reproducibility.
This system offers a simplified approach to the primary assessment of shoulder pain. It avoids prematurely confronting the complex pathophysiological mechanisms that may contribute to the pain, while providing a description of the problem sufficient to guide initial management.
